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ABSTRACT

An electronic book can be paginated by reference to a print
version of the same book. Pages of the print version are
scanned to obtain text strings and page labels corresponding
to each of the pages. The text strings are then compared to the
electronic book to find the best matching positions within the
electronic book. The matching positions within the electronic
book are then associated with the page numbers of the pages
from which the matching text strings were obtained. Auto
correlation can be used to determine matching positions.
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2
(OCR) techniques, manually, or otherwise, to obtain the text
from each page, including the page label associated with each

ELECTRONIC BOOK PAGINATION

page.

BACKGROUND

Locations within books have traditionally been indicated
by page numbers. However, the concept of a "page' is not as
meaningful in the context of electronic books, in which page
divisions may be calculated dynamically as a function of page

5

and font size. Different book reader devices have different

display sizes, and even within a particular device a user may
change viewing options to result in different effective page

10

sizes.

Because of this, electronic books are often submitted for

publication without any indications of page numbering.

Within electronic books such as these, locations are often

15

measure, such as by a byte/character offset or a word offset.
For example, a particular word might be specified in terms of
its starting and ending byte or character indexes, relative to
the beginning of the electronic book. However, this can result
in confusion when trying to cite from particular locations
within electronic books, and when trying to navigate to par

the book.

ticular locations within electronic books.

The detailed description is set forth with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number identifies the figure in which the reference
number first appears. The use of the same reference numbers
in different figures indicates similar or identical items.
FIG. 1 is a block diagram illustrating a pagination service
and other services that might be used in conjunction with the
pagination service.
FIG. 2 is a flow diagram of an illustrative process paginat
ing an electronic book in accordance with the page number
ing of a print version of the electronic book.
FIG. 3 is a flow diagram of an illustrative process using
autocorrelation and edit distances to determine positions
within an electronic book corresponding to pages of a print

25

described herein.

30

niques can of course be used with any number of users and
electronic book readers. In addition, a single user 102 may use
a plurality of electronic book readers 104.
Each electronic reader 104 has a display upon which elec
tronic content such as electronic books (eBooks) may be
rendered. The terms content, content item, and "eBook”

35

include essentially any form of electronic data that may be
consumed on a device, including textual and Verbal works
comprising sequences of words such as digital books, audio
books (which may also include video), electronic magazines,
papers, journals, periodicals, documents, instructional mate

40

rials, course content, and so on.

45

50

DETAILED DESCRIPTION

This disclosure describes systems, devices, and techniques
in which electronic books can be efficiently paginated to
match the paginations of printed versions of the same books.
Electronic books are often submitted for publication in a
digital format that does not include or indicate page number
ing. As mentioned above, it is possible to specify locations
within electronic books, but such locations are often specified
in terms of byte, character, or word offsets. There is often no
way to correlate these offsets with the page numbering of
equivalent printed versions of the electronic books.
In certain embodiments, a printed version of an electronic
book is imaged or scanned, resulting in an image correspond
ing to each page of the printed version. The individual page
images are then processed by optical character recognition

Example Architecture
FIG. 1 shows an online environment 100 in which pagina
tion services may be provided. The online environment 100
includes a plurality of users 102, each of which has or is
associated with an electronic book reader 104 (also referred
to herein as an electronic reader). Although FIG. 1 illustrates
three users 102 and book readers 104, the described tech

version of the electronic book.

FIGS. 4-6 are flow diagrams illustrating different ways in
which an electronic reader might utilize pagination informa
tion generated as a result of the processes of FIGS. 2 and 3.
FIG. 7 is a block diagram illustrating components of an
electronic book reader device that may be used in conjunction
with the techniques described herein.
FIG. 8 is a block diagram illustrating components of a
server that may be used to implement some of the techniques

tronic book.

When a user is reading an electronic book, this information
may be referenced to determine the number of the currently
displayed page, and may also be used to allow navigation by
the user within the electronic book by page numbers that
correspond to the page numbers used in printed versions of

referenced interms of an index that relates to a smaller unit of

BRIEF DESCRIPTION OF THE DRAWINGS

The text from each page can then be compared with the text
of the electronic book to find the position of the page within
the electronic book. Once this location is found, the page label
associated with the printed version of the page is assigned to
the found position within the electronic book. This associa
tion may be implemented by a page/position map that accom
panies or is incorporated with the electronic book, and that
cross references between page numbers and an electronic
position index such as character count. Alternatively, the digi
tal formatting of the electronic book can be modified to indi
cate page numbering at different locations within the elec

55

60
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The electronic readers 104 may be handheld devices or
other Small, light-weight, portable devices upon which
eBooks and other content can be rendered and conveniently
viewed in a manner similar to viewing a paper book.
Examples of handheld electronic readers include flat form
factor devices such as tablets, pads, Smartphones, personal
digital assistants (PDAs), etc.
In some embodiments, the electronic readers 104 may
comprise dedicated-purpose eBook reader devices, having
flat-panel displays and other characteristics that mimic the
look, feel, and experience offered by paper-based books. For
example, such eBook reader devices may have high-contrast
flat-panel displays that appear similar to a printed page and
that persist without frequent refreshing. Such displays may
consume very negligible amounts of power, so that the eBook
reader devices may be used for long periods without recharg
ing or replacing batteries. In some instances, these readers
may employ electrophoretic displays.
In the example of FIG. 1, the electronic readers 104 have
networking capabilities. For example, the electronic readers
104 may have wireless communication interfaces that allow
communication though a network 106. The wireless commu
nications interfaces may utilize WiFi, cellular, or other wire
less data and networking technologies.
The network 106 may be any type of communication net
work, including a local-area network, a wide-area network,
the Internet, a wireless network, a wide-area network

US 8,798,366 B1
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nation. However, the functionality and services represented in
FIG. 1 may be implemented in many different ways, with
various different divisions of responsibilities.

3
(WWAN), a cable television network, a telephone network, a
cellular communications network, combinations of the fore

going, etc. Services, sometimes referred to as "cloud-based
services, may be provided from the network 106. In FIG. 1,
the network 106 is represented as a cloud, and network-based

In the described embodiment, the reader service 108

or cloud-based services relevant to this discussion are shown
as blocks within the cloud.

In the described embodiment, the electronic readers 104

include nonvolatile storage capabilities so that electronic con
tent items can be downloaded and stored in their entirety on
the electronic readers. Once an eBook has been stored by an
electronic reader, it can be displayed and read at any time,

10

whether or not the electronic reader is connected to a network.

In the configuration illustrated by FIG. 1, the electronic
readers 104 may obtain content items from an online reader
service 108. The reader service 108 may be accessed using the
networking capabilities of the electronic readers 104. The
reader service 108 may be accessible through other means as
well. Such as by connection to intermediary devices like per
Sonal computers, different types of mobile devices, and so

15

The content service 110 may be used to provide eBooks

In FIG. 1, the reader service is illustrated as a network
25

content and content items from the reader service 108, and to

purchase and download selected content items from the
reader Service 108.

Various applications and user interfaces may be used in
conjunction with the electronic readers 104 to interact with
the reader service 108, such as Internet browser programs that
allow a user to interactively engage different online services.
In addition, the reader service 108 may expose lower-level
interfaces or APIs (application programming interfaces)
through the network 106, through which devices and pro
grams can access the underlying functionality of the reader
service 108 without direct user interaction. For example a
user may interactively purchase an eBook or other content
item using a personal computer or some device other than the
electronic reader device 104. The electronic reader 104 may
periodically communicate with the reader service 108 to per
form background synchronization or other housekeeping,
and may automatically (without specific user intervention)
download any content that has been purchased.
The reader service 108 might be implemented in some
embodiments by an online merchant or vendor. Electronic
books and other electronic content might be submitted in
electronic or digital formats by various publishers, and Sub
sequently offered for sale by the online merchantor vendor, or
might be available to members or subscribers for some type of
periodic or one-time fee. In some circumstances, eBooks or
other content might be made available without charge.
As noted above, the electronic or digital formats used by
publishers for content Submission may contain no page num
bering, and in particular may not indicate any correspondence
between positions within the electronic content and corre
sponding pages of equivalent paper-based content.
FIG. 1 shows a configuration in which the reader service
108 is implemented as a number of functional components,
illustrated as blocks within the larger dashed block represent
ing reader service 108. These functional components, which
will be described in more detail below, may be implemented
and provided by way of a single installation and/or service
provider, or may exist as independent services that commu
nicate with each other using various means. Note that the
illustrated configuration represents a logical organization of
services, and is intended to facilitate description and expla

items and related services.
and related data to users 102 via their electronic readers 104.

forth.

based or cloud-based service, available over a public network
such as the Internet. The electronic readers 104 may be con
figured to allow the users 102 to conveniently browse for

includes a content service 110 through which the electronic
readers 104 and other clients may interact with the reader
service 108. The content service 110 may include a virtual
storefront or other type of online interface for interaction with
consumers and/or devices. The content service 110 may
expose a graphical, web-based user interface that can be
accessed by human users to browse and obtain (e.g., pur
chase, rent, lease, etc.) content items such as eBooks. The
content service may also expose programmatic interfaces or
APIs that entities and devices can use to obtain digital content

30

FIG. 1 shows an eBook 112 being delivered to each electronic
reader 104. Associated with each eBook 112 is a page/posi
tion map 114, which cross-references between page numbers
and positions within the electronic books. As mentioned
above, the electronic formats of eBooks may specify posi
tions using various indices, such as character count, byte
count, word count, and so on. The page/position map 114
allows translation between page numbers and these other
types of indices.
As a simplified example, a page/position map may contain
data similar to the following:
Page Label

35

Character Index
34
18O
3OO
478
632
789
940

40

In example above, a page/position map has a first column
containing the page labels extracted from a printed version of
a book, and a second column indicating the corresponding
character indexes within the electronic version of the book.
45

50
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60

65

Different formats may of course be utilized to convey similar
information. For example, one format may group sequential
ranges of page labels, indicating the starting label of each
range and the starting index of each sequential page within the
range. When using this format, it is assumed that each indexed
location within a range corresponds to a Subsequently ordered
page label, and only the first label of the range is explicitly
specified. Different types of labels, such as roman numerals
and Arabic numerals, can be specified by different ranges.
This information or similar information can be incorpo
rated within the file format of the electronic books them

selves, rather than conveyed by means of an associated data
object as shown here. Also note that pages having no labeling
may also be represented in these data formats or objects.
In the described embodiment, the reader service 108 imple
ments a scanning service 116 and a pagination service 118 in
order to provide the page/position maps 114. The functions
and general operations of these services will be described
with reference to Subsequent figures.
Page-to-Position Mapping
FIG. 2 shows example implementations of processes per
formed by the scanning service 116 and the pagination ser
vice 118. Actions performed by the scanning service 116 are

US 8,798,366 B1
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shown on the left. Actions performed by the pagination ser
vice 118 are shown on the right.
This example assumes the existence of a printed version of
a book, designated by reference numeral 202, and a corre
sponding electronic version of the same book, designated by
reference numeral 204. The printed book 202 and the elec
tronic book 204 contain generally the same content, and are
therefore considered versions of the same book. However,

there may be significant differences between the two ver
sions. One version, for example, may contain Small revisions
Such as typographical corrections. More significantly, one
version may contain different front or rear matter than the
other. In some cases, one version may include significant

10

revisions, such as insertion or deletion of entire sentences,

paragraphs, chapters, introductions, forwards, afterwards,
appendices, indexes, tables of contents, etc.
The printed book 202 is processed by the scanning service
116 as shown on the left side of FIG. 2. At 206, the printed
book 202 is scanned. This can be performed using existing
machine-based or manual processes, and involves capturing
images of the individual physical pages of the printed book

15

202.

At 208, the scanning service 116 recognizes the text of the
individual pages of Scanned images. This may be performed
using machine-based OCR techniques or other techniques,
including the use of human analysts. This results in a text
string corresponding to each page of the printed book 202.
The text string may contain both body text and margin text.
Page labels may be present in the margin text. Note that the
text string may contain all the text of the corresponding page,
or may include only portions of the text. Furthermore, the text
string may exhibit varying degrees of accuracy with respect to
the original text of the printed book.
At 210, the scanning service 116 identifies page numbers
or labels associated with each scanned page of the printed
book 202. This may be performed based on or in conjunction
with OCR procedures and may in some cases be aided by
human analysts.
At 212, the scanning service 116 normalizes the page text
strings by removing extraneous characters such as non-text
data, white space data, formatting data, etc. Normalizing may
also include converting all characters to a single case Such as

25

30

35

40

lower-case.

The result of the actions above can be output as one or more
data objects 214 containing normalized and labeled pages.
Data object 214 can comprise a data structure indicating page
text strings corresponding to individual pages, along with the
page labels associated with those pages.
In Some embodiments, the data object 214 may contain the
normalized text of the printed book 202, along with page
break indications. The pages can be considered to have ordi
nal page numbers corresponding to their page count as mea
sured from the beginning of the printed book 202. In most
cases, ordinal page numbers will not correspond to page
labels. This is because many printed books include some
pages that are not numbered, or that are numbered using an
alternate index prior to the main body of the book. For
example, many printed books include front matter Such as
title pages and tables of contents that are not included in the
main page numbering of the books. Some books may also
include introductions or forwards that are numbered using an
alternate format such as roman numerals, prior to the main
body of the book.
The data object 214 may be configured to include a page
to-label mapping, indicating correspondences between ordi
nal page numbers and actual page labels. A page-to-label
mapping may be logically viewed as a table having first and

6
second columns, where one column indicates ordinal page
numbers and the other column indicates corresponding page
labels. In actual implementation, various schemes may be
used to represent this information, including the specification
of ranges of ordinal pages. For example, a range of ordinal
pages may be listed as having page labels that begin at Roman
numeral and that continue in sequence to the end of the range.
Another range may be listed as beginning at Arabic page
number 1 and continuing in sequence from there.
Some ordinal pages of a printed book may not have corre
sponding page labels. For example, pages containing illustra
tions sometimes are not included in the page numbering of a
printed book. Pages such as these may be omitted from the
page-to-label mapping, or they may be included along with an
indication that they do not correspond to a page label. In some
cases, the page-to-label mapping may indicate the nature of
the ordinal page. For example, the page-to-label mapping
may indicate that a particular ordinal page contains an illus
tration rather than a normally numbered text page.
The electronic book 204 is processed by the pagination
service 118 as shown on the right side of FIG. 2. At 216, the
electronic book 204 is normalized by removing extraneous
characters. This might include the removal of white space
characters, punctuation, formatting data, metadata, and other
non-displayable data. Remaining characters may also be con
Verted to a single case such as lower-case. This allows the
electronic book 204 to be represented as a text string, referred
to in the following discussion as book text 218 or as a book
text string. The normalization in most cases will be generally
the same as the normalization 212 performed on the pages of
the printed book 202.
Block 220 represents an action or procedure that is per
formed for individual pages of the printed book 202. Specifi
cally, for each labeled page of the printed book 202, the
pagination service 118 performs an action 222 of finding the
corresponding position in the electronic book 204. In the
described embodiment, this comprises comparing the text of
the labeled page to at least a portion of the electronic book or
book text 218 to determine the position of the page within the
electronic book. Various methods can be used to determine
this position, including string comparisons. One method,
using autocorrelation techniques, will be described below
with reference to FIG. 3.
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FIG. 3 shows an example implementation of a procedure
222 for finding the location of a scanned page within an
electronic book. Generally, the procedure 222 comprises, for
an individual page of the printed book 202 and its correspond
ing page string, autocorrelating with at least a portion of the
electronic book 204 to determine one or more possible match
ing positions within the electronic book 204. The procedure
222 then continues by comparing the individual page to the
electronic book at each of the identified one or more possible
matching positions to find the position at which the page most
closely matches the electronic book.
More specifically, the procedure 222 starts with a normal
ized and labeled page or page string 302, which may be one of
the pages of the normalized and labeled pages 214 shown in
FIG. 2; and a normalized electronic book or book string 304,
which may be the book text 218 shown in FIG. 2.
At 306, the procedure 222 autocorrelates the page string
302 with at least a portion of the book string 304 to determine
one or more possible matching positions within the book
string 304. Both the page string 302 and the book string are
treated as signals having single-bit amplitudes: as sequences
of bits. More specifically, characters or bytes of each string
are concatenated and then converted to bit strings. The bit
signal corresponding to the page string 302 is assumed for
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purposes of analysis to be a small portion or Substring of the
bit signal corresponding to the book string 304, and autocor
relation scores are calculated to find best-match positions
within the book string 304.
In the described embodiment, the page string 302 is com
pared to a sliding sequence of character windows or Sub
strings within the book string 304. The character windows or
Substrings are the same size as the page string 302, and slide
incrementally by one character within the book string 304 to
produce autocorrelation scores for different possible charac
ter positions within the book string 304.
At each window or substring within the book string 304, an

8
ing edit distances from the page string 302 to the Substrings at
the candidate positions 310. The edit distance between two
strings of characters is the number of operations needed to
change one of the strings into the other. This may be calcu
lated using different algorithms. In the described embodi
ment, the edit distances can be calculated as Levenshtein
distances.
10

autocorrelation score is calculated as a bitwise function or

calculation between corresponding bits of the page String 302
and the current sliding window or substring within the book
string 304. More specifically, the autocorrelation score at a
particular position p within the book string 304 may be cal
culated by summing the product of individual bit positions of
the page string 302 and the current substring within of the
book string 304, as follows:

15

At 314, the best match is selected from the candidate posi
tions of action 308, by selecting the one with the shortest edit
distance.

Returning to FIG. 2, the pagination service 114 uses the
results of action 220 to create a page/position map 224, which
is equivalent to the page/position map 114 described above
with reference to FIG.1. As described there, the page/position
map indicates page numbers or labels derived from the
printed book 202, and their corresponding positions within
the electronic book 204. Positions within the electronic book

204 can be indicated using various indices, depending on the
data format of the electronic book. Some eBook formats may
indicate position interms of a byte or character index, Such as
the number of bytes or characters from the beginning of the
eBook. Other eBook formats may indicate position in terms
of a word index, such as the number of words from the
25

beginning of the eBook. Other measurement quantities might
also be used, such as a sentence index, a line index, or a

whereb, is the bit at positioni within the page string 302, B,

is the bit within the book string 304 at position p+i, and n is the
number of bits within the page string 302. Because this is a
binary, bitwise operation, it can also be described as the Sum
of the logical ANDing of individual bit positions as follows:
2-1

Xi=0 b; ANDB,
The operation above produces autocorrelation scores for
different positions within the book string 304. At 308, these
scores are analyzed to identify a limited number of potential
candidate or matching positions positions within the book
string 304 that are most likely to correspond to the current
page string 302. This may be done by selecting the positions
having the highest autocorrelation scores, or by selecting
those positions whose scores indicate peak matches within
the book string 304. Candidate positions for a match positions
are indicated in FIG. 3 by reference numeral 310.
In some cases, the autocorrelation 306 may be performed
overall possible positions of the book string 304. However, in
many cases it is possible to generally approximate the posi
tion of a given page within the book String in light of matches
that have already been performed. For example, once the
position of a page is found with high confidence, Subsequent
pages can be assumed to have Subsequent positions within the
book string 304, and the autocorrelation 306 may safely
ignore any preceding Substrings.
As autocorrelation is being performed at sequential char
acter positions, the pagination system 114 may keep track of
the highest few preceding scores, and may not need to keep
track of all calculated scores. Furthermore, a very high auto
correlation score may be treated as an exact match. This may
remove any need for performing further autocorrelation
analyses with respect to the current page String 302.
At 312, further comparison is performed between the page
string 302 and the substrings at the candidate positions 310. In
Some embodiments, this comparison may comprise calculat

30

35

paragraph index. In audio books, location or position may be
indicated by a time index the length of elapsed time from
the beginning of the audio book.
At 226, the pagination service associates the page/position
map 224 with the electronic book 204. Subsequent distribu
tions of the electronic book 204 may include the page/posi
tion map 224.
FIG. 4 shows an example 400 of how the electronic reader
104 might utilize the page/position map 114 associated with
the electronic book 112. At 402, the electronic reader 104
receives and stores the electronic book 112 and its associated

40
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page/position map 114. At 404, a user selects a book naviga
tion function using an available interface on the electronic
reader 104. At 406, the electronic reader 104 prompts the user
for a page number. At 408, in response to the user entering a
page number, the electronic reader references the page/posi
tion map 114 to find the position in the electronic book that
corresponds to the page number that the user has entered. At
410, the electronic reader navigates to the position found at
408.

FIG. 5 shows another example 500 of how the electronic
reader 104 might utilize the page/position map 114 associated
with the electronic book 112. At 502, the electronic reader
50

55

104 receives and stores the electronic book 112 and its asso

ciated page/position map 114. At 504, a user highlights or
otherwise selects a passage within the electronic book. At
504, the user navigates to a position within the electronic
book, using user interface features of this electronic reader
104. This may involve simply moving from one page to the
next, or may involve specifying a particular position or page
number within the electronic book 112.

60

65

At 506, in response to the user specification of or naviga
tion to a position within the electronic book, the electronic
reader references the page/position map 114 to find the page
number associated with portion of the electronic book 112
that is currently being shown. At 508, the electronic reader
104 displays the found page number on its display, Such as in
aheader or footer location of the displayed page. This allows
the user to see the current page number, correlated with the
print version of the electronic book, at any time when navi
gating within the electronic book.

US 8,798,366 B1
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FIG. 6 shows yet another example 600 of how the elec
tronic reader 104 might utilize the page/position map 114
associated with the electronic book 112. At 602, the elec
tronic reader receives and stores the electronic book 112 and

its associated page/position map 114. At 604, a user high
lights or otherwise selects a passage or position within the
electronic book 112. At 606, the user selects or invokes a

passage citation function of the electronic reader 104, using
an available user interface on the electronic reader 104. At

608, in response to the user specification of or navigation to a
particular position within the electronic book, the electronic
reader responds by referencing the page/position map 114 to
find the page number associated with the highlighted or
selected position of the electronic book. At 610, the electronic
reader cites the page label associated with the position that the
user has designated, in Some cases creating a textual citation
using the found page number. This might comprise simply
showing the page number to the reader, or might involve a
more sophisticated report showing full bibliographic infor
mation, including the page number of the citation.
Example Electronic Reader
FIG. 7 is a high-level block diagram showing an example of
the electronic reader 104, indicating components that are

10

15

SCC.

relevant to this discussion. In this embodiment, the electronic

reader 104 is a dedicated eBook reader device, designed
specifically for the purpose of emulating a traditional book
like reading experience. To that end, it is has a size and weight
that is comparable to a paper-based book, and uses a display
having a contrast ratio that approaches that of the printed

25

page.

30

In a very basic configuration, the electronic reader 104
includes a processing unit 702 composed of one or more
processors, and memory 704. Depending on the configuration
of the eBook reader 104, the memory 704 may be a type of
computer storage media and may include Volatile and non
volatile memory. Thus, the memory 704 may include, but is
not limited to, RAM, ROM, EEPROM, flash memory, or
other memory technology, or any other medium which can be
used to store media items or applications and data which can
be accessed by the electronic reader 104.
The memory 704 may be used to store any number of
functional components that are executable on the processing
unit 702. In many embodiments, these functional components
comprise instructions or programs that are executable by the
processing unit 702, and that implement operational logic for
performing the actions attributed above to the electronic
reader 104. In addition, the memory 704 may store various
types of data that are referenced by executable programs.
The memory 704 may store an operating system 706 and a

40

content store 708 to store one or more content items and their

50

associated page/position maps. A user interface module 710
may also be provided in the memory 704 and executed on the
processing unit 702 to provide for user operation of the elec
tronic reader 104. The UI module 710 may provide menus and
other navigational tools to facilitate selection and rendering
of content items. The UI module 710 may further include a
browser or other application that facilitates access to sites

35
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other data.

less connection to various networks. Such as cellular net

described herein.

The electronic reader 104 may also include a battery and
power control unit 722. The power control unit operatively
controls an amount of power, or electrical energy, consumed
by the electronic reader. Actively controlling the amount of
power consumed by the electronic reader may achieve more
efficient use of electrical energy stored by the battery.
The electronic reader 104 may have additional features or
functionality. For example, the electronic reader 104 may also
include additional data storage devices (removable and/or
non-removable) Such as, for example, magnetic disks, optical
disks, or tape. The additional data storage media may include
volatile and nonvolatile, removable and non-removable

55

media implemented in any method or technology for storage
of information, such as computer readable instructions, data
structures, program modules, or other data.
Example Server
FIG. 8 illustrates relevant components of a server 800 that
may be used to implement the functionality of the content
service 108 and/or its various components. Generally, the
content service 108 and its services may be implemented by
one or more servers, with the various functionality described
above distributed in various ways across the different servers.
Servers may be located together or separately, and organized
as virtual servers, server banks, and/or server farms. The

60

one or more content sources, such as the content service 108
discussed above. In some embodiments, the communication

and synchronization module 712 communicates with the con
tent service 108 to receive eBooks, page/position maps, and

The electronic reader 104 may further be equipped with
various input/output (I/O) components 718. Such compo
nents may include various user interface controls (e.g., but
tons, joystick, keyboard, etc.), audio speaker, connection
ports, and so forth.
A network interface 720 may support both wired and wire

works, radio, WiFi networks, short range networks (e.g.,
Bluetooth), IR, and so forth. The network interface 720 facili
tates receiving electronic books and other content as

over a network, Such as websites or online merchants, or other

Sources of electronic content items or other products.
A communication and synchronization module 712 is
stored in the memory 704 and executed on the processing unit
702 to perform management functions in conjunction with

10
The electronic reader 104 may also include a page naviga
tion module 714 allowing a user to enter navigate within an
electronic book with reference to page numbers or labels
rather than byte or character positions, in accordance with the
techniques described above.
The electronic reader 104 may further include a display
716 upon which electronic books are rendered. In one imple
mentation, the display 718 uses electronic paper display tech
nology. In general, an electronic paper display is one that has
a high resolution (150dpi or better) and is bi-stable, meaning
that it is capable of holding text or other rendered images even
when very little or no power is supplied to the display. The
electronic paper display technology may also exhibit high
contrast Substantially equal to that of print on paper. Some
exemplary electronic paper displays that may be used with the
implementations described herein include bi-stable LCDs,
MEMS, cholesteric, pigmented electrophoretic, and others.
One exemplary electronic paper display that may be used is
an E Ink-brand display. Touch sensitive technology may be
overlaid or integrated with the electronic paper display tech
nology to enable user input via contact or proximity to the

65

described functionality may be provided by the servers of a
single entity or enterprise, or may utilize the servers and/or
services of multiple entities or enterprises.
In a very basic configuration, an example server 800 may
comprise a processing unit 802 composed of one or more
processors, and memory 804. Depending on the configuration
of the server 800, the memory 804 may be a type of computer
storage media and may include Volatile and nonvolatile
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memory. Thus, the memory 804 may include, but is not lim
ited to, RAM, ROM, EEPROM, flash memory, or other
memory technology.
The memory 804 may be used to store any number of
functional components that are executable by the processing
unit 802. In many embodiments, these functional components
comprise instructions or programs that are executable by the
processing unit 802, and that when executed implement
operational logic for performing the actions attributed above
to the content service 108. In addition, the memory 804 may
store various types of data that are referenced by executable
programs, including content items that are Supplied to con
Suming devices such as electronic reader 104.
Functional components stored in the memory 804 may
include an operating system 806 and a database 808 to store
content items, annotations, page/position maps, etc. Func
tional components of the server 800 may also comprise a web
service component 810 that interacts with remote devices
Such as computers and media consumption devices.
The server 800 may of course include many other logical,
programmatic, and physical components, generally refer
enced by numeral 812, possibly including modules for
implanting the functionality described above and attributed to
the content service 110, the scanning service 116, and/or the
pagination service 118.
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electronic book;

10
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The invention claimed is:

30

tion.

40

6. The computer-implemented method of claim 1, wherein
the autocorrelating comprises Summing a product of indi
vidual bit positions.
7. A computer-implemented method comprising:
under control of one or more processors configured with
executable instructions,

45

50

tronic book;

performing machine-based optical character recognition
on individual pages of a print version of a book to obtain
page labels and page text from the individual pages;
finding positions within an electronic version of the book
that correspond to individual pages of the print version,
wherein the finding is based at least in part on:
autocorrelation between the page text and the electronic
version to identify a plurality of candidate positions
for respective ones of the individual pages, and
comparing the page text and text of the electronic ver
sion at the plurality of candidate positions to select
found positions from the plurality of candidate posi
tions determined from the autocorrelation; and
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associating the found positions within the electronic ver
sion with the page labels of the corresponding individual
pages of the print version.
8. The computer-implemented method of claim 7, wherein
the associating comprises:
creating a page/position map that indicates correspon
dences between page labels of the print version and
positions within the electronic version; and
associating the page/position map with the electronic ver
sion.

executable instructions,

performing optical character recognition on the images;

3. The computer-implemented method of claim 1, further
comprising normalizing the page text strings and text of the
electronic book before the autocorrelating, wherein the nor
malizing comprises at least one of
removing extraneous characters; or
converting characters to a single case.
4. The computer-implemented method of claim 1, wherein
the comparing is based at least in part on edit distance.
5. The computer-implemented method of claim 1, wherein
the autocorrelating comprises performing a bitwise calcula
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1. A computer-implemented method of paginating an elec
tronic book, the method comprising:
under control of one or more processors configured with
capturing images of pages of a print version of the elec

at each respective candidate matching position within the
electronic book, comparing the individual page text
string to a respective text string of the electronic book
corresponding to the respective candidate matching
position determined from the autocorrelating:
selecting a page position from the plurality of candidate
matching positions based at least in part on the compar
ing; and
mapping between the selected page position and the page
label associated with the individual page text string.
2. The computer-implemented method of claim 1, wherein
the mapping further comprises:
creating a page/position map that indicates correspon
dences between page labels of the print version and
positions within the electronic book; and
associating the page/position map with the electronic
book.

25

CONCLUSION

Note that the various techniques described above are
assumed in the given examples to be implemented in the
general context of computer-executable instructions or soft
ware, such as program modules, executed by one or more
computers or other devices. Generally, program modules
include routines, programs, objects, components, data struc
tures, etc. for performing particular tasks or implement par
ticular abstract data types.
Other architectures may be used to implement the
described functionality, and are intended to be within the
Scope of this disclosure. Furthermore, although specific dis
tributions of responsibilities are defined above for purposes of
discussion, the various functions and responsibilities might
be distributed and divided in different ways, depending on
particular circumstances.
Similarly, software may be stored and distributed in vari
ous ways and using different means, and the particular soft
ware storage and execution configurations described above
may be varied in many different ways. Thus, software imple
menting the techniques described above may be distributed
on various types of computer-readable media, not limited to
the forms of memory that are specifically described.
Although the subject matter has been described in lan
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
features or acts described. Rather, the specific features and
acts are disclosed as illustrative forms of implementing the
claims. For example, the methodological acts need not be
performed in the order or combinations described herein, and
may be performed in any combination of one or more acts.

12
based at least in part on the optical character recognition,
identifying page text strings and associated page labels
corresponding to individual pages;
for an individual page text string, autocorrelating with at
least a portion of the electronic book to determine a
plurality of candidate matching positions within the
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9. The computer-implemented method of claim 7, wherein
the associating comprises revising the electronic book to
indicate page numbering.
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selecting one of the candidate matching positions as the
matching position based at least in part on the edit dis

13
10. The computer-implemented method of claim 7.
wherein the autocorrelation comprises Summing products of
individual bit positions of the page text and at least a portion

tances.

of the electronic version.

11. The computer-implemented method of claim 7.
wherein the finding is further based at least in part on edit
distances between the page text and the electronic version.
12. The computer-implemented method of claim 7, further
comprising, in response to user entry of a page number, navi
gating to a corresponding position within the electronic ver
sion based at least in part on the associating.
13. The computer-implemented method of claim 7, further
comprising, in response to user specification of a particular
position within the electronic version, citing the page label
associated with the particular position based at least in part on
the associating.
14. The computer-implemented method of claim 7, further
comprising:
creating a page/position map table that indicates corre
spondences between page labels of the print version and
positions within the electronic version; and
in response to user entry of a page number, referencing the
page/position map table to find the corresponding posi
tion within the electronic version.

15. The computer-implemented method of claim 7, further
comprising:
creating a page/position map table that indicates corre
spondences between page labels of the print version and
positions within the electronic version; and
in response to user specification of a particular position
within the electronic version, referencing the page/po
sition map table to find the corresponding page of the
print version.
16. A system comprising:

5

sion;
10

version; or
version.
15

sion; and

paginating the electronic version in accordance with the
comparing.
17. The system of claim 16, wherein the page labels
obtained from the print version comprise at least two different
types of page labels.
18. The system of claim 16, wherein the comparing com
prises:
performing autocorrelation to identify a plurality of candi
date matching positions for the page of text;
calculating edit distances between the page of text and
Substrings corresponding to the candidate matching
positions; and

21. A computer-implemented method comprising:
under control of one or more processors configured with
executable instructions,

25

30

35

40

45

version;

creating, based at least in part on the comparing and the
page-to-label mapping, a page/position map as a data
object separate from content of the electronic version,
wherein the page/position map indicates correspon
dences between the page labels obtained from the
print version and positions within the electronic ver

a number of characters from the beginning of the electronic
a number of words from the beginning of the electronic

one or more processors;

one or more computer-readable media containing instruc
tions that are executable by the one or more processors to
perform actions comprising:
obtaining page text and corresponding page labels from
individual pages of a print version of a book;
determining a page-to-label mapping between the indi
vidual pages and the page labels obtained from the
print version;
comparing the page text of the individual pages to an
electronic version of the book to determine the posi
tions of the individual pages within the electronic

19. The system of claim 16, wherein the obtaining com
prises machine-based optical character recognition.
20. The system of claim 16, wherein the positions within
the page/position map are expressed as at least one of:
a number of bytes from a beginning of the electronic ver
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autocorrelating a first character string against Substrings at
different positions within a second character String to
produce autocorrelation scores corresponding to the
Substrings;
selecting a matching position within the second character
string based at least in part on the autocorrelation scores
corresponding to the Substrings, the matching position
corresponding to a first Substring of the Substrings; and
Subsequent to autocorrelating the first character string,
autocorrelating a third character string against the Sub
strings of the second character string, wherein at least
one of the Substrings is at a position within the second
character string that is prior to the matching position of
the first substring.
22. The computer-implemented method of claim 21,
wherein autocorrelating the first character string against a
particular Substring comprises Summing bitwise products of
the first character string and the particular Substring.
23. The computer-implemented method of claim 21,
wherein autocorrelating the first character string against a
particular Substring comprises:
bitwise ANDing the first character string and the particular
Substring to produce bitwise results; and
Summing the bitwise results.
24. The computer-implemented method of claim 21, fur
ther comprising normalizing the first character String and the
second character string before the autocorrelating.
25. The computer-implemented method of claim 21,
wherein the selecting is further based at least in part on
calculating edit distances between the first character string
and the Substrings.
26. The computer-implemented method of claim 21,
wherein the selecting further comprises:
identifying a plurality of candidate matching positions
based at least in part on the autocorrelating:
calculating edit distances between the first character String
and each of the Substrings corresponding to the candi
date matching positions; and
selecting one of the candidate matching positions as the
matching position based at least in part on the calculated
edit distances.
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27. A method comprising:
determining, by one or more processors, page text corre
sponding to individual pages of a print version of a book;
determining, by the one or more processors, page labels
included on the individual pages of the print version;
determining, by the one or more processors, a page-to
label mapping between the individual pages and the
page labels from the print version;
determining, by the one or more processors, positions
within an electronic version of the book that correspond
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to the individual pages of the print version, wherein the
determining is based at least in part on comparing the
page text of the individual pages of the print version to

16

text of the electronic version; and

generating, by the one or more processors, based at least in 5
part on the page-to-label mapping and the comparing, a
page/position map, wherein the page/position map indi
cates correspondences between the page labels from the
print version of the book and the positions within the
electronic version of the book.
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28. The method of claim 27, further comprising based at
least in part upon the page/position map, revising content of
the electronic book to indicate page numbering correspond
ing to the page labels from the print version.
29. The method of claim 27, further comprising:
15
generating the page/position map as a data object separate
from content of the electronic version of the book; and

sending the page/position map to a user device, wherein in
response to user entry of a page label, the page/position
map is configured to indicate a corresponding position 20
within the electronic version.
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